Introduction
HIV induces numerous impairments in B cell function 1 . Polyclonal hypergammaglobulinemia is one of the major manifestations of B cell deficiencies associated with HIV replication 2 . Monoclonal and oligoclonal proteins detected in serum are also frequently observed in HIV-infected patients 3 . With the advent of widespread use of combination antiretroviral treatment (ART), it has become clear that long-term effective ART dramatically reverses many B cell abnormalities including polyclonal activation, autoimmune response, plasmacytosis and hypergammaglobulinemia [4] [5] [6] .
In HIV-infected individuals, the prevalence of MG is estimated to be between 3% and 26% 3 and occurs at a younger age when compared to the general population, in which the prevalence is estimated to be 3.2% in persons over 50 years old and 5.3% in those over 70
7
.
The significance and evolution of monoclonal gammopathy (MG) after ART initiation remains unclear.
Previous studies reported that the impairment of specific T-cell function in HIV-infected individuals is associated with an increase of EBV DNA load in PBMC 8 . B-cell hyperactivation and terminal differentiation into plasmablasts and plasma cells induce EBV reactivation and contribute to the increase of its reservoir 9-10 . The close relationship between EBV and lymphoproliferative disorders may include MG in HIV-infected patients. We hypothesized that the persistence of MG in HIV-infected individuals requires a continuous B cell stimulation fueled by both HIV and EBV replications.
In the present study, we investigated whether immune activation and HIV and EBV replication were associated with the long term persistence of MG in HIV-infected patients on ART exhibiting a monoclonal band at the time of HIV diagnosis. 
Methods

Patients and study design
Statistical analysis
The wilcoxon rank-sum test was performed using the R software to compare median values of non-parametric variables. Fisher's exact test was used in the case of proportion comparisons.
The exact logistic regression and multivariate analysis were performed to search independent associations between the persistence of the monoclonal peak and HIV RNA viremia, EBV DNA load in plasma, gain of CD4 + T-cells, hepatitis B and C co-infection, and CMV reactivation.
Results and discussion
Out of the 21 patients with detectable MG by PEP and confirmed by immunofixation before ART initiation, 9 (42%) patients still harbored MG after a prolonged period on ART (≥ 5 years) while the monoclonal peak disappeared for the other 12 (58%) patients. This observation reveals a labile characteristic of MG associated with HIV infection and ART in contrast to the MG detected in MGUS, myeloma or lymphoma where MG is maintained lifelong 12 .
In line with previous reports 7 , we observed that MG occurs at a younger age among HIVinfected individuals when compared to the general population ( .
The persistence of the MG was accompanied by a higher serum immunoglobulin level (P = .003) (Fig.1B) , mainly restricted to IgG isotype. Hypergammaglobulinemia was observed in 11/21 patients (52%), namely 8/9 (89%) in the persistent MG group and 3/12 (25%) in the transient MG group (P < .001). High frequencies of circulating plasmablasts and plasma cells were observed in the persistent MG group (P = .01 and .02, respectively), (Fig. 1A and C) .
These results provide evidence that mature B-cells are prompted to undergo terminal differentiation into antibody-producing cells and may be indicative of persistent B-cell activation through systemic antigenic stimulation 15 .
Memory B lymphocytes are the main reservoir of EBV and their differentiation into plasma cells can reactivate this reservoir. As shown in Figure 1D , EBV DNA was detectable in the plasma of 1/12 patients in transient MG and in 0/15 of HIV-infected controls, whereas 6 out of 9 patients with persistent MG on ART (66%) exhibited quantifiable EBV DNA in plasma (P < .001). Multivariate analysis showed that EBV DNA level in plasma was associated with persistence of MG independent of detectable HIV RNA load and CD4 + T-cell replenishment (OR = 18.6; CI95%: 2.02-infinity, P = .007, supplemental Table 1 ). EBV DNA B-cell reservoir was 5 fold higher in persistent MG (P = .006) and 4 fold higher than controls (P = .007), ( Figure 1E ). EBV DNA spontaneously produced by infected B-cells maintained in culture for 48h was more than 10 fold higher in persistent MG as compared to transient MG (P = .002) and to controls (P = .001), ( Figure 1F ). Altogether these observations indicate that:
i) markers of EBV replication, ii) number EBV latently infected B cells, and iii) EBV infected cells primed to enter and complete the EBV cycle, were associated with the persistence of MG. [16] [17] . Chronic bacterial antigen stimulation has also been associated with an increased risk of monoclonal gammopathy of undetermined significance (MGUS) and multiple myeloma [18] [19] .
Reduction of the level of M protein after initiation of combined ART has been previously 
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